Introduction titanium (Ti) is considered the gold standard biomaterial in oral implantology 1 , due to the material's high biocompatibility, adequate mechanical properties, and osseointegration capacity 1, 2 , which lead to longterm performance and high rates of clinical success 1, 3 . Additionally, Ti is also currently regarded as an immunomodulatory biomaterial rather than an inert metal, since Ti implantation in bone is associated with a transitory small degree of inflammation, which seems to contribute to the activation of host pathways that leads to osseointegration 2, 4 . In addition, in vivo preclinical evaluation of bone formation and remodelling on Ti surfaces are usually performed in animals with robust skeletal bones, such as minipigs 7 and dogs 8 , which can recapitulate the architecture of human craniofacial bones and allow the analysis of implant modification (i.e. shapes, coatings and/or surface topographies) in osseointegration 9 .
While such large animal-based models are useful for certain applications, inherent factors such as animal size/weight, lack of specific experimental tools for cause-and-effect experiments, as well as absent or restricted molecular assays, limit the possibilities of understanding the biological basis of osseointegration.
In this scenario, mice have been demonstrated to be a suitable animal model to properly investigate cellular and molecular aspects of a series of biological processes due to a number of experimental tools available for dissecting biological mechanisms 9 .
Mouse models have several advantages including:
99% similarity to the human genome; availability of a number of efficient genetic/molecular tools; the animal's small size facilitates the use of reduced quantities of drugs and reduced experimental periods, making it a cost-efficient model 11 . Additionally, there is a large availability of wild-type strains with distinct host response features, as well numerous genetically engineered mice strains, particularly with the C57Bl/6 background 11
. Consequently, such model allows valuable cause-and-effect experimentation to determine gene/cell functions in bioengineering and regenerative processes 9, 12 .
Finally, the use of mice in the Osteoimmunology field as an experimental model host results in additional advantages due to the extensive knowledge on the inflammatory and immunological responses of mice 9, 13 . In this context, endochondral long bones proportion, which was determined according to the animal's weight. Subsequently, the mice were placed on a surgical table with a mouth retractor, as previously described in other Dentistry mice models 14, 22 . Oral titanium implant screws were placed in the C57Bl/6 mice following a previous surgical protocol described for CD1 mice 10 , and each mouse received one oral implant inserted in the left edentulous alveolar crest. implant screw cut at a 1.5 mm length. The implant's placement in this area, without preceding multiple tooth extraction, was previously reported in CD1 mice, which, due to their increased size, were suitable for the insertion of a 2 mm implant 10 . Additionally, the Ti screw used in this study was based on a conventional Ti6Al4V alloy, with a machined surface without any treatments and/or topography alterations, as demonstrated through SEM and X-ray analysis (Figure 2) , in order to characterize the osseointegration process per se, as has been frequently used in experimental studies using craniofacial 10 and long bones 16,25 as osseointegration models.
The surgical procedures used in this study were performed following the same principles and procedures used in Dentistry, to avoid lack of primary stability and overheating. Of all titanium implants with adequate primary stability, 77.78% achieved osseointegration, demonstrated through µCT and histological data (Figures 3 and 4) , which is in agreement with the success rates previously described in a similar model performed in CD1mice (74% of osseointegration after 21 days) Concurrently with the early upregulation of the MSCs markers, a provisional extracellular matrix is formed and gradually evolves into a highly vascularized granulation tissue (Figures 4 and 5 ), which will provide further support for cell migration and differentiation.
A similar response was observed in peri-implant sites in mice 10, 22 and rats
27
, but the presence of biomaterials was associated with delayed healing dynamics compared to alveolar intramembranous bone healing in the absence of biomaterials 9, 10 . Indeed, the earlier granulation tissue formed in the space between the Ti threads and remaining bone works as a preosteoblastic supportive connective tissue 10, 22 , as evidenced in this study by an increased area density of blood vessels Following the resolution of inflammation ( Figure   4D ), while the expression of inflammatory factors and density of inflammatory infiltrate tend to decrease over time post-implantation, the expression of osteogenic factors and ECM components were gradually increased, in agreement with previous findings in rats 27 . In line with the events of intramembranous bone repair, the granulation tissue is directly replaced by bone over time ( Figures 3 and 4) , as also previously reported in other animal models of oral osseointegration 10, 27 , while
Ti osseointegration in long bones is dependent on the formation of hypertrophic cartilage 15 . As the density area of the primary bone matrix significantly increased after 14 days, also followed by expression of Col1a1 and Col21a2 and a gradual maturation of collagen fibers detected through birefringence analysis ( Figure   6 ), there was a remarkable remodeling process, evidenced by peaks corresponding to MMPs (MMP1, MMP2 and MMP9), RANKL and OPG, and also an increased area density of osteoclasts ( Figure 5H ). As also demonstrated in other models 28, 30 , all these events will collectively determine bone quality and influence the mechanical properties of osseointegration 37 .
Indeed, the quality of osseointegration is dependent on a highly organized bone matrix and its ECM components, in which collagen plays a crucial role osseointegration, evidencing elements that could be responsible for orchestrating cell migration, proliferation, ECM deposition and maturation, angiogenesis, bone formation and remodeling at the bone-implant interface in parallel with a novel histological, birefringence and μCT analysis ( Figure   9 ). Considering all these observations and comparing with previous descriptions of osseointegration, this C57Bl/6 mice oral osseointegration model would be a suitable tool for the assessment of biological events associated with the osseointegration process.
